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@ This invention relates to a mattress (1) with one or more 
closed chambers (23) which are filled with a fluid and con- 
nected to means (20, 27) for supplying or removing fluid to 
or from a chamber (23) each chamber having a device (5, 6, 
24, 25) for measuring the distance between the top face and 
the bottom face of the chamber. The value of the measure 
distance can be compared with a desired or preset value 
can be displayed and can be used for manual or automatic 
control of the contents of each chamber. 




o 



O 
CL 



ACTORUM AG 



0 21 8 301 



Mattress 

The invention relates to a mattress with a closed chamber 

» 

which is filled with a gaseous or liquid fluid, combined or not 
5 combined with an elastic foam plastic filling, which chamber is 
provided with means for supplying or removing of fluid to or from 
the chamber. 

Such a mattress is generally known. The chamber or cham- 
bers of the mattress may be filled with air or with liquid. Examp- 

10 les of such a mattress can be found in the laid-open Dutch Patent 
Applications 7,906,927, 8,200,401 and. 8,301,197. 

In the case of a mattress filled with fluid, the softness 
or hardness of the mattress is determined by a certain number of 
factors. A gaseous fluid, such as air, is itself compressible. 

15 The pressure of the fluid then determines the character of the mat- 
tress. If a liquid fluid, such as water, is used it is the speci- 
fic mass of the fluid , the degree of filling of the chamber and the 
elasticity of the material of the chamber which matter. 
In both cases, measurement of the pressure, either by feel or with 

20 measuring apparatus, is generally known and, in the case of a matt- 
ress which has several chambers, the use is also known of different 
pressures per chamber with a view to making it possible to match 
the mattress to the shape and to the weight proportion of the user. 
In the case of a liquid fluid, pressure measurement is not a good 

25 graduator for determining the character of the mattress. 

Pressure measurements offer insufficient information for 
obtaining a precise matching of the mattress to the user. After 
all, users have divergent sizes and different ratios of volume to 
weight of the respective body parts or body zones. 

30 In the case of some of the older proposals mentioned ab v , 

an attempt has been made to solve this problem by transmitting th 
weight of the user to the mutually connected chambers of the 
mattress by interposing elements of different surface in order to 
obtain, in this manner, a matching of the ratio of the volume t 

35 weight of the different parts of the user. In the case of the 
mattress according t the Dutch Application 8,301,197, ach air 
chamber may have its own pressure value. 
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The object of the invention is to provide a mattress in 
which matching to the user can take place in a simpler and much 
more precise manner and in which the effect of the weight f the 
user no longer plays a role, 
5 This object is achieved according to the invention in that 

the mattress is provided at least at one point with a measuring 
device for measuring the distance between the top surface of the 
chamber and the bottom surface of the chamber and said measuring 
device is connected to a device for making useof thge measured 

10 values, such as a read-off device* 

Instead of measuring the pressure in the chamber or cham- 
bers of the mattress the depression is now therefore measured and 
used according to the invention, after which matching can b 
brought about, if necessary, by supplying or removing fluid* As a 

15 result it is possible to impart a value of softness or hardness t 

the mattress required by the user and also to perform all this in a 
manner such that the mattress will exhibit the same depression 
regardless of whether the user is light or heavy and, in particu- 
lar, by supplying or removing fluid in the event of deviations from 

20 the required value of level. 

In its simplest form, such a mattress has a single air 
chamber which is provided at a suitable point, for example in line 
with the point where the pelvis of the user might be situat d, with 
a measuring device* 

25 According to the invention it is also possible to provide 

several measuring devices at a distance from each other and to con- 
nect them to a device which determines the mean of the different 
measurements and makes use of, or makes it possible to read off, 
said mean value. 

30 The most expedient embodiment is, however, obtained if in 

the case of a mattress which is provided with several chambers as 
known per se, each chamber or group of chambers according to the 
invention is provided with its own measuring device. These can 
then again be coupled in such a manner to each other that a mean is 

35 determined and made use of, in particular, if the chambers are 
mutually connected, but pr ferably the measuring device of each 
chamber or group of chambers is coupled to a device for making use 



0 21 8 301 



f , r making it p ssible to read off, the measurements. The level 
can be adjusted in the pr cise manner for each chamber r group of 
chambers , which is of importance b th for an ordinary mattress 
which rests on a, preferably stiff, undermattress, and also f r 
a mattress which is intended for therapeutic purposes and for which 
the doctor providing treatment can therefore determine as required 
the precise lying position of the user. 

In all cases it is desirable that the read-off device or 
the device for making use of the measurements is provided with a 
memory so that the values adjusted are reproducible. Such a memory 
may be very simple, for example in the form of displaceable indi- 
cators on a scale, but it may also be more complicated in the f rm 
of an electronic memory. 

On a read-off device the required value of the level f r a 
particular user can, of course, be readoff and it can be seen on 
the basis of the visible measurement on the read-off device h w far 
it differs from the required value. Adjustment can then be carri d 
out in a simple manner either by supplying fluid or by removal 
through a valve. 

In the case of a mattress filled with air, the supply of 
air can be achieved in a simple manner by means of an air pump 
which, for example, can be formed by a compartment of the mattress. 
Each air chamber has an escape opening which can be shut off and it 
is possible without much difficulty to provide a valve at that 
point which can be manually operated by the user. 

In a preferred embodiment of the mattress according to 
the invention, the pump is an electrical pump, while the measuring 
device or measuring devices is/are coupled respectively to a level 
regulator which is embodied in the electrical circuit of the pump 
in a manner such that it switches on the pump at a measured 1 vel 
which is lower than that set on the level regulator and switches 
off the pump on reaching said set level. In the case of such a 
mattress, the setting of the required level on the level regulat r 
will take place automatically if the level is too low. If the 
level is too high, use can be made of the release valv . 

According to the invention the release valve may further- 
more be an electrically c ntr lied valve which is emb died in the 
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electrical circuit of the measuring devic or measuring devices and 
of the level regulator in a manner such that said valve pens at a 
measured level value which is greater than the value set on the 
level regulator. In said embodiment the release valve is therefore 
5 automatically constructed and will release if the level is higher 
than the level which is set on the level regulator as the desired 
level. 

These automatic control systems can, of course, be used in 
a mattress with one chamber, with several chambers, or groups of 

10 chambers. 

Users of a mattress do not lie still* Mattresses are also 
used for sitting on. This means that the mattress may locally 
undergo sudden changes in level. Automatic regulating systems such 
as have just been described must not respond immediately in such 

15 case . According to the invention this can be achieved in that the 
mattress is provided with an electronic regulating device which 
compares the extent of fluctuations of the measured values with a 
set value and switches the pump or the valve off for fluctuations 
of less than 52 or more than 50Z. 

20 Sudden movements, for example as a result of the user sitting up or 
changing from a back lying position to a side lying position r suit 
in pressure surges which are registered by the pressure sensor so 
that it temporarily delays or blocks the automatic regulation. 

According to the invention it may therefore also be of 

25 importance that the regulating device switches off the pump or the 
valve for fluctuations which have a short duration of, for example, 
less than 5 seconds* 

The blocking thus takes place depending on the deviation in 
level and is thus not dependent on the pressure surge. This last 

30 regulating system, which is based on a deviation in level, is 

especially of importance in cases where prolonged local loading is 
important, for example as a result of someone sitting on the 
mattress. 

Level changes which last for less than 5 seconds and/or are small 
35 (less than 5X) are ther fore ignored. Large changes resulting, for 
example, from sitting are lik wise ignored. 

The measuring devic may be realized in many ways. Thus, 
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use can be made of indue ti n loops and a circuit which measures the 
distance between the induct i n 1 ops* 

Use can be made as veil of a resistor the value of vhich 
changes upon shortening of the length. A current conductive foam in 
5 the interior of the mattress the resistance of vhich decreases on 
depression, is conceivable. Other methods of measurement are, 
however, also conceivable. 

The invention vill now be explained in more detail by 
reference to the drawings. 
10 Figure 1 shows an embodiment of the mattress according to 

the invention diagraxnmatically in side view. 

Figure 2 shows, in the same manner as Figure 1, a mattress 
according to the invention in a different embodiment. 

Figure 3 shows a further embodiment. 
15 Figure 4 is a circuit diagram pertaining to the embodiment 

of Figure 3* 

Figure 5 is a block diagram of a possible automatic contr 1 
system for a mattress with one or more measuring devices. 

Figure 6 shows the circuit diagram of an embodiment bas d 
20 on the block diagram of Figure 5. 

Figure 1 shows an air mattress 1 which is permanently 
connected to a pump 2, which may be formed by a compartment of the 
mattress, which pump has a nonreturn inlet valve 3 and an nonreturn 
outlet valve 4. At 5 and 6 there is located one or more inducti n 
25 loops, the operation of which will be described lateron and which 

serve to measure the mutual distance between the loops 5 and 6* The 
measured value for the distance is fed through the connection 7 to 
a device 8 with a scale 9 on which the value can be read off. A 
cursor which can be moved over the scale may be used as a memory or 
30 as an indication of the required level. At 11 a push button is 
indicated by means of yhich air can be released via the pipe 12 
while 13 and 14 may be indicator lamps which indicate that the 
indicate that the level is too high or too low. 

If the level is to low, the user should pump air int the 
35 mattress by means of the pump 2. If the level is to high, he can 
allow air to escape by means of the release valve 11. 

In the embodiment f Figure 2, the mattress is likewise 
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provided with induction loops 5 and 6 which supply a measured value 
via the connection 7 t the device 15 which is provided with a 
scale 16, maximum and minimum indicator lamps 17 and 18 and a 
sliding regulator 19 by means of which the required level can be 
set, which device 15 also contains an electrical pump 20 which can 
supply air to the mattress via the line 21. Said device 15 is 
connected via cable 22 to the mains and has an electrically 
controllable release valve (not shown). 

A required level can be set with the sliding regulator 19, 
after which said device automatically either feeds air or releases 
air, and indicates by means of the indicator lamps 17 and 18 what 
is happening. 

The embodiment of Figure 3 relates to a mattress which is 
constructed of a large number of separate cells 23, each provided 
with a top induction loop 24 and a bottom induction loop 25. 

The top loops are all connected to an oscillator 26 which 
acts as a transmitter. The bottom loops 25 each have their own 
connection to the device which makes the measured value visible r 
usable. 

Each chamber 23 also has a release valve 27 which likewise 
has its own connection to the device concerned. 

Figure 4 shows the circuit diagram pertaining to the 
embodiment of Figure 3. In this circuit diagram a chamber 23 is 
shown by a full line and an adjacent chamber 23* by a broken line. 
The oscillator 26 is connected via the connection 28 to the 
induction loop or coil 24. Each chamber therefore has one. 

Each chamber 23 has a release line with valve 27 which is 
electrically controllable and each chamber has a supply line 30 
with valve 31 which is likewise electrically controllable and 
connected to a pump with pressure vessel 32. 

The bottom induction loop 25 of each chamber 23 gives its 
measure value, determined in the device 33, to an analogue input 
apparatus with as many channels as there are pressure chambers, for 
example sixt en, from which device said values go to a 
microprocess r 34 with a keyboard 35 and possibly a display screen, 
which microprocessor 34 controls the separate chambers 23, 23' etc. 
via thirty two outputs, vis. sixteen outputs 36 for the release 
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valves 27 and sixteen outputs 37 for the supply valves 31 f r the 
pressure fluid. 

This device, shown only diagrammatical ly, can readily be 
constructed in a manner such that it becomes visible on the display 
screen which levels are measured per chamber. If it is then known 
what the required value per chamber is, it is possible to enter it 
by means of the keyboard and thereby generate a lying position f r 
a user which is reproducible. 

The block diagram in Figure 5 shows a sine-wave oscillat r 
40 which operates at approximately 1000 Hz and emits this vibration 
via the coil or loop 24 sited in the mattress or in a chamber of 
the mattress. Said vibration is received by the loop or coil 25 
and, in particular, to a more or less powerful extent depending on 
the mutual distance between the loops 24 and 25. From the induced 
voltage generated in 25 the section 41 obtains the amplitude 
measurement which, via the determination of a mean in 42, is 
supplied to a comparator 43 which compares the mean value, possibly 
delayed in 42, with the setting in 44. 

At 45 and 46 there are relays for setting or not setting a 
pump or a valve into operation. 47 indicates a switching section 
which serves to block both pump relay 45 and valve relay 46 if 
there is no load on the bed. 

Between 41 and the relays 45 and 46 there is a movement detector 48 
which is likewise capable of blocking. 

Figure 6 relates to the electronic circuit diagram pertai- 
ning to the block diagram of Figure 5. The upper section relat s 
to the sine-wave oscillator 40. This consists of a comparator, a 
band pass filter and an amplifier. 

It contains the resistors Rl and R2 on the left in the 
circuit diagram which may have a value of, for example, 8200 Ohm 
and 5600 Ohm respectively. These two resistors form a voltage 
divider which converts the voltage of, for example, 12 V into a 
reference voltage for the operational amplifier Al and also f r the 
operati nal amplifi r A2. In this manner a comparator is obtained 
which compares the utput f A2 with the ref rence voltage, it 
being possible for the squarewave voltage at the output to vary 
between 0 and 10 V. 
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In this circuit diagram Fl is a variable potentiometer 
which is placed in series with th resistor R3 which, with a maxi- 
mum value of, for example, 4700 Oho for PI and 1500 Ohm for R3, can 
attenuate the square-wave voltage adjustably in conjunction with R4 
which is, for example, 100 Ohm. 

The resistor R4 and the capacitors CI and C2, the resistor 
R5 and the operational amplifier A2 together form a band pass 
filter which produces from the squarewave voltage a sinueoidally 
varying voltage which is available at the output of A2 and is fed 
back to the operational amplifier Al . The amplitude is limited b - 
cause the output of Al is constrained by the supply voltage. The 
frequency of approximately 1000 Hz is determined by the resistors 
R4, R5 and the capacitors CI and C2. Said capacitors may have a 
value in Farads of 68 nF and the resistor R5 may have a value of 
2700 Ohm. 

On the right hand side in this circuit diagram is the cur- 
rent amplifier consisting of the operational amplifier A3 and the 
transistors Tl and T2. The base of the transistor T2 is driven 
directly and the base of the transistor Tl is driven via the diode 
Dl and the resistor R6. The diode Dl partially compensates for the 
two base junctions and the resistor R6 keeps the diode Dl in c n- 
duction. The common emitter output is fed back via the operational 
amplifier A3. The capacitor C3, having a value of, e.g., 100 F 
decouples the DC and generates a fluctuating magnetic field in the 
coil 24 which then acts as a transmitter. 

Said magnetic field is transmitted as an induced voltag to 
the coil 25, the induced voltage in which is the greater, the 
smaller the distance between the two coils is. 

The amplitude of said induced voltage is first measured by 
means of a low-pass filter and a half-wave rectifier. The resist r 
R9 and the capacitor C4 form the low-pass filter. This filters any 
high-frequency signals such as radio reception signals, interfe- 
rence etc. out of the incoming signal. 

The amplifier A4 amplifies the positive pulses and as 8 on 
as the v ltage of the noninverting input is higher than ne fif- 
teenth (R7/(R7+R8)) of the voltage n the capacitor C5, the capa- 
cit r will be charged up by the amplifier A4 via the di d D2. 
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Whil this is n t the case, the capacit r C5 discharg s via the 
resist rs R7 and R8. This means that fifteen tines the maximum 
voltage of the positive peaks of the received signal unaltered by 
Up is always present at the point P. 
5 The operational amplifier A5 compares said signal Up with a 

value set by means of the potentiometer P3. If the signal Up is 
lover than the set value, the output of the amplifier A5 goes 
towards the positive voltage. The transistor T3 will not then 
conduct and because it controls the two relays 45 and 46, the 

10 latter will not be energized and neither the pump nor the valve can 
be put into operation. 

In this manner steps are taken to ensure that all the 
regulating systems are switched off as soon as the bed is empty* 
The resistors RIO and Rll provide for a coarse adjustment 

15 of the comparison value and the variable potentiometer for the fine 
adjustment, while the resistor R12 limits the base current of th 
transistor T3. This connection also contains in addition the Zener 
diode Zl which is necessary because the output of the operational 
amplifier A5 cannot go all the way to the positive voltage. 

20 The resistor R14, the variable potentiometer P2, the capa- 

citor C6 and the operational amplifier A6 jointly form a low-pass 
filter. 

If movements are taking place of the person situated on the 
mattress, the signal Up will vary considerably. It is naturally of 
25 importance that the pump or valve does not continuously react to 
this. Only the control system discussed earlier, which indicates 
that the bed is empty, must react rapidly. 

Said low-pass filter now ensures that the values of the 
output signal Up are averaged. If the potentiometer P2 is set t a 
30 large resistance, the. filtered output signal Up will only slowly 
follow the original signal Up. At the output of A6 there is then 
the mean signal Up2 at the point P2. 

In the remaining section f th circuit diagram of Figure 6 
it is keeping the filling of the mattress at the required value is 
35 important. 

The signal Up2 is in this case compared with the value 
which is set, f r example, by the user and which is set by means 
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of the potentiometer P5. If the distance is greater than set, the 
mattress is too full and the control system should then ensure 
that the valve is opened by energizing the relay 46. 

If the distance is smaller than the set distance, the mat- 
tress is top too empty and the pump should be put into operation by 
means of the relais 45. 

It is of importance that within a certain margin around the 
set value neither pump nor valve operate. The filling is then 
correct and everything should remain at rest. 

The potentiometer P4 and the resistors R16 and R17 pro- 
vide for a small hysteresis at the upper and lower limits to stabi- 
lize the relays. 

At the point C is the voltage which is set with the 
potentiometer P5 in conjunction with the resistor R13. 

The voltage at D is determined by the resistor R15 and 
the diodes D3 and D4 and is 1.3 V lower than the point C. Th 
voltage at point A is between 0 and 1.3 V (which voltage can be 
adjusted by means of the variable potentiometer P6) higher than the 
voltage at point C. 

If therefore the output signal Vb at this point is 
already lower than Vc, i.e. the signals at the position of th 
points b or c, the operational amplifier A8 goes towards zer and 
energizes the relay 46 via the transistor T5. The valve then 
opens . 

If the signal Ub is larger than the signal Ua, the 
operational amplifier A7 goes towards the positive voltage and the 
transistor T4 is rendered conducting via the current-limiting 
resistor R18, as a result of which the relay 45 is energized and 
the pump starts to operate. 

The diodes D6 and D7 short circuit induction pulses from 
the relay coils. 

The values which are given in Figure 6 for the resist rs, 
capacitors etc., are only an example. 

The invention makes it possibl t identify shape r to 
identify posture if the mattress has several chambers with a measu- 
ring devic in each chamber. 

The microcomputer coupled t the system is provid d with a 



11 



0 21 8 301 



program which identifies a certain posture, vi*. lying on the back 
or lying on the stomach r sitting, this being done from the 
changing values compared with the preceding values. 

The microcomputer then provides appropriate commands 
which deliver values pertaining to the new posture. 
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CLAIMS 

1. Mattres6 with a closed chamber (1,23) which is filled with a 

gaseous or liquid fluid, combined or not combined with an elastic 
foamed plastic filling, which chamber is provided with means 
(2,3,4) for supplying or removing fluid to or from the chamber, 
characterized in that the mattress is provided at least at one 
point with a measuring device (5,6,24,25) for measuring the 
distance between the topface of the chamber and said measuring 
device is connected to a device (8) for making use of the measured 
values, such as a read-off device (9). 

2. Mattress according to Claim 1, characterized in that 

the chamber is provided with several measuring devices at distances 
from each other and said measuring devices are connected to a 
device which determines the mean of the measured values and makes 
said mean capable of being used or read off. 

3, Mattress according to Claim 1 or 2 provided with several 
chambers, characterized in that each chamber or group of chambers 
is provided with a measuring device* 

4. Mattress according to Claim 3, characterized in that the 
measuring device of each chamber or group of chambers is coupled to 
a device for making it possible to use or to read off the measure- 
ments. 

5* Mattress according to one or more of the preceding claims, 

characterized in that the read-off device is provided with a 
memory . 

6. Mattress according to one or more of the preceding claims, 
provided with a pump and a release valve, characterized in that , 
the pump is an electrical pump and the measuring device or 
measuring devices is/are coupled to a level regulator which is 
embodied in the electrical circuit of the pump in a manner such 
that it switches on the pump at a measured level which is lower 
than that set on the level regulator and switches off the pump on 
reaching said set level. 

7. Mattress acc rding to Claim 6, characterized in that the 
release valve is an electrically c ntr lied valve which is embodied 
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in the electrical circuit of the measuring device or measuring 
devices and of the level regulator in a manner such that said valve 
opens at a measured level value which is greater than the value set 
on the level regulator 

8. Mattress according to Claims 6 and 7, characterized in that 

it is provided with an electronic regulating device which compares 
the extent of fluctuations of the measured values with a set 
value and that the regulating device switches off the pump r valv 
for fluctuations of less than 5 Z or more than 50Z. 

9. Mattress according to claim 8, characterized in that 
the regulating device switches off the pump or value at 
fluctuations which last for less than 5 seconds. 

10. Mattress according to one or more of the preceding claims, 
characterized in that the measuring device consists of induction 
loops. 

11. Mattress according to one or more of the preceding Claims 1 
to 8 incl., characterized in that the measuring device consists of 
a resistor, the resistance value of which alters with alteration of 
the length such as current-conducting foam. 

12. Mattress according to Claim 10, characterized in that it is 
provided with an electronic regulating and controlling device which 
determines a mean from the measurements obtained and compares it 
with a set value. 

13. Mattress according to Claim 9, characterized in that it is 
provided with an electronic regulating device which compares the 
measured values with a set value and which switches off the pump r 
valve operation if the measured values are less than the set 
value. 

14. Mattress having several chambers according to one or m re 
of the preceding claims, characterized in that each chamber has a 
measuring device and these are coupled to a microcomputer with a 
memory which determines the measured values pertaining to certain 
postures and c ntrols the pump or valve t match an altered lying 
position. 
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